1. INTRODUCTION The object of this series of papers is to give as complete and detailed a quantitative account as the data allow of the way in which infant mortality and stillbirth rates are influenced by social conditions. In the first paper (Woolf and Waterhouse, 1945) (Census, 1931) . U: Average monthly percentage unemployment among adult males (Ministry ofLabour, "Local Unemployment Index"). P: Percentage of occupied males in Social Classes IV (semi-skilled workers) and V (unskilled workers) (Census, 1931) . F: Percentage of females aged 14 and over employed in manufacture (Census, 1931) . L: Degrees of latitude north of 50°30'.
Thus H is an index of overcrowding, U and P are measures of low income, F is an estimate of industrial employment of mothers, and L is an expression ofgeographical position and ofall the differences in social conditions associated therewith. Some thirty possible social indices were tried, and these five were selected because they seemed in combination to give the highest degree of concordance between observed infant mortality rates and those calculated from the equations. (...) 2. INFANT Stillbirth rates were also calculated per 1,000 live births, to make them comparable with the various partial infant mortality rates. (...) Figures for death by age are given for seven subdivisions of the first year of life. These periods, are as follows: Under 1 day 1-7 days 1-4 weeks 4 weeks-3 months 3-6 months 6-9 months 9-12 months For death by cause, only an abridged list of causes is available, and this was revised in 1931. The groupings used in this paper are as follows:
The Registrar-General's category of "congenital causes, etc.," comprising all the items under the first two headings in Table I The non-explanation, or residual variance, which equals 1-E. The value of Snedecor's F calculated for the appropriate number of degrees of freedom, according to the formula:
It is clear from the table that the level of explanation is high. With one exception, all values of R are above 0.75, and of E above 0.56. The exception is mortality during the first 24 hours, which would be expected to have a large error variance owing to uncertainty of timing of births and deaths. But even this equation has an F of 4.8 as compared with the 0.1% point of 3.9, which means that, on the conventional assumptions, the odds are much more than 1,000 to I against the regression arising from chance fluctuations. For the other equations the F values are much higher, rising to 43 for total infant mortality. The equations as a whole may therefore be regarded as highly significant. The reliability of the individual regression coefficients, and the extent to which the equations can be regarded as accounting for all observed mortality differences, will be discussed in a later section.
SOCIAL AETIOLOGY OF STILLBIRTHS AND INFANT DEATHS
A set of calculations (...) can be made for the country as a whole by substituting in the various equations the mean value of each social index among county boroughs. There is, ofcourse, no question here offinding any difference between calculated and observed rates, since the value of K is fixed by equating these two rates when the independent variables are all at their means. The object of such computations for the aggregate of county boroughs would be to obtain estimates of the amount of mortality associated with each social index. This procedure is justified only in so far as the individual regression coefficients, as distinct from the equations as a whole, can be regarded as "significant". The discussion of this point is best deferred until after the presentation of the results. For the moment the regression coefficients will be provisionally regarded as reliable measures of the relative influence of the various social agencies on infant deaths. The results of the computations are set out in Table XI . For each equation there is shown, first, the mean rate for the type of mortality specified, then the K figure representing the expected rate among the "population" as defined above, then the increment or decrement in mortality associated with each social variable for the average county borough as compared with the baseline population used for calculating K, and finally the total amount of mortality "explained" by the equation, which is of course the mean minus K. Looking first at the columns headed "Mean", "K", and "Total explained", one notices the following features: Approximately three-fifths of the total infant mortality and two-fifths of the stillbirths are associated with the differences in social conditions between the average county borough population and the better off section.
For infant mortality and stillbirths together, just over half the deaths are attributable to the specified social agencies. Among the cause groups, almost the whole of the mortality from infectious diseases and from bronchitis and pneumonia is socially conditioned. For diarrhoea more than a third, and for other causes nearly a half, of the average mortality rate are found at the better off level. For congenital causes, K is about three-fifths of the mean, just as it is for stillbirths.
When mortality is dissected by age at death, the proportion explained steadily rises throughout the year of infancy. Indeed, in the fourth quarter the computed mortality for the arbitrarily chosen baseline population is -0.27, which is, of course, not significantly different from zero. Neonatal deaths, like stillbirths and congenital causes, give a K about three-fifths of the mean, while in the post-natal period more than three-quarters of the deaths are associated with adverse social conditions. (...)
The data in Table XI are shown in Table XIV, with the social indices grouped into aetiological categories, and both tables should be consulted during the course of the discussion. It is reasonable to suppose that the mortality from these diseases will depend on two processes: (1) exposure to infection, which will determine the case-incidence; (2) case-fatality rate, which will vary with the stamina and resistance of the infected infants. Probability of infection will be positively associated with H (the crowding of the house), D (the size and density of the herd), and G. which measures the extra risk when the I wish to lay special stress on the last of these criteria. It will probably have been evident all through this paper that many of the topics touched on call for special ad hoc field investigations. It may fairly be claimed that the equations as a whole do present a consistent aetiological picture, in line with other evidence.
But the full validification of many of the conclusions must await further surveys and inquiries. If the statistical analysis here reported has done nothing more than place the various aetiological problems of infant death into clear perspective, directing attention to aspects amenable to field investigation, it will have been amply worth while. In their statistical study of the incidence in London of some infectious diseases of childhood, Wright and Wright (1942) say that the statistical method "may be used to test deductively the general applicability of hypotheses based upon field observations, by finding how far inferences made from relatively restricted evidence are supported by statistical findings from larger sources of data." While fully agreeing with this, I would like to draw attention to the reverse procedure -the function of statistical studies in suggesting profitable topics for field inquiries. It is only by the close interweaving of statistical and field inquiries that a true science of social medicine can be built up. It is hoped that further papers in this series will report the results of field inquiries suggested by the statistical analysis described above. (...)
THE BALANCE SHEET OF INFANT DEATHS (...)
The balance sheet of infant deaths is shown in Table XVIII . In each category of mortality the total number of deaths in the county boroughs rate. Bronchitis and pneumonia, and to a lesser extent infectious diseases and congenital causes, also show a material rise with increase in degree of poverty. (...) The big differences between the computed mortality rates for the "crowded poor" and the "unemployed crowded poor" is noteworthy. It indicates that, below a given level, small decreases in income, involving depreciation in the level of nutrition and other human needs, have disproportionately large effects in increasing mortality, and presumably also in adversely affecting the physique and stamina of the survivors. Conversely, any effort at social betterment may be expected to have the greatest effect in reducing mortality and morbidity if it is preferentially applied to raising the standards of the most unfortunate section of the population. The difference between the last two columns in Table XIX is a sufficient explanation of the dramatic reduction in stillbirth and infant mortality rates during the war, when limited resources were so used as to reduce the pre-war disparity in satisfaction of biological needs among the different income grades of the population.
It is important to bear in mind the limitations of the regression method as well as its powers. The equations can take cognizance only of differences between places. Any relevant circumstances that affect all places more or less equally cannot enter into the calculations. Since 1900, infant mortality has fallen by about twothirds -from round about 150 to round about 50. But the relative disparity between the best and the worst places, or between the social classes, has remained remarkably steady. The equations can display how, at one particular period, differences in mortality rates are bound up with variations in social conditions. They cannot directly deal with the effect ofthe changing social background in lowering the level of mortality for rich and poor alike. The high degree of statistical explanation afforded by the equations indicates that, at any given general level of social, cultural, and sanitary progress, the differences in mortality between different strata of the population are largely conditioned by disparities in material environment, using that word in its broadest sense, and could presumably be diminished by levelling up of social conditions. But social agencies that must have affected the general level of mortality at different times, such as improvements in medical and social services, in education and nutrition and mothercraft, and possible biological changes in infective agents of disease, cannot appear in the equations directly. In this paper an attempt has been made, by com- give different values to the coefficients associated with each social agency. But so long as disparities exist in environment at different social levels, it seems likely that there will continue to be differences in mortality rates bound up with variations in standards of housing, nutrition, and other relevant conditions, acting for each category of mortality in the direction indicated by the regression equations.
